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Obtainment of regeneration plantlet of Catharanthus roseus hairy roots
and production of anticancer alkaloids
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Abstract: Objective To establish an efficient in vitro plant regeneration system in the transgenic Catharanthus roseus hairy roots and
to obtain the high production of anticancer terpenoid indole alkaloids (TIAs) in C. roseus regeneration plantlets. Methods The effects
of plant growth regulators on callus induction, adventitious shoot induction, and adventitious root induction were investigated. HPLC
was used to determine the alkaloids in C. roseus and quantitative PCR (QPCR) to analyze the expression of target genes. Results
The results showed that the best medium for callus and shoot induction was MS + 6-BA 2.0 mg/L + NAA 0.3 mg/L and the best
medium for root induction was 1/2 MS + NAA 0.3 mg/L. The improved transplant method could increase the survival rate of C. roseus
plantlets to 90%. TIA profiling by HPLC revealed that the simultaneous introduction and overexpression of orca3 and gl0h in
transgenic plant significantly enhanced vinblastine, vincristine, and ajmalicine accumulation. The concentrations of vinblastine,
vincristine, and ajmalicine were 4.0-, 5.8-, and 1.8-fold respectively more than those in non-transformed plants. QPCR results showed
that the expressions of orca3 and g10h genes were greater than these of non-transformed root. Conclusion The regeneration plantlets
from C. roseus transgenic hairy roots could significantly promote the antitumor alkaloid accumulation.
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K&HAt Catharanthus roseus L. J&JATHEE—
e AR M, WA 100 2R EA IR w2
e E 1w 28 g W A W) Bk C terpenoid  indole
alkaloids, TIAs). JLH, KFHHH (vinblastine) F
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Ak, AP B O Y (reserpine) F
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KL B IRAR T2 H e R bR, W 3RS AR Wi =y
FERKAEA R R, NI SEE S e AR R R TR
FED PR AR, TCBE AR L AE D BEAGE )
FENAL, iR TIAs 2595 B 10 042

DAL, AHIE T P 25 A R K AR e A
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SE ML R FEIE (MS+6-BA 2.0 mg/L+NAA 0.3
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Bigt. MEKFLAHAR LAREFER .
123 ANEMRMFET VI 2~3 om FIAE S, #
Foh 3 A= AR B 2 (1/2 MS+NAA 0.3 mg/L 2%JER,
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FEB), oo el I G ey G 5 R I 4k RF BOIRAR
A rolB Al rolC JE X ¥1 51 ) frolb. rrolb Al
frolc. rrolc. L4 H [ 5 PRI 44 7 41 45 11 5]
V)[R XS T-DNA X 9 B #925E AT Rl - T
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Table 1 Primers for PCR analysis on C. roseus regenerated plants

H 5 EAkZ UL SIYFS 503 BKIREE /C BRI /bp
rolB frolb 5-GCTCTTGCAGTGCTAGATTT-3 55 423
rrolb 5-GAAGGTGCAAGCTACCTCTC-3
rolC frolc 5-CTCCTGACATCAAACTCGTC-3 55 622
rrole 5-TGCTTCGAGTTATGGGTACA-3
orca3 forca3 5-ATGTCCGAAGAA ATCATTTCCG TCTC-3 58 612
rorca3 5-TT AATATCGTCT CTTCTTCCTTCCTCC-3
gl0h fg10h 5-ATGGATTACCTTACCATAATATTAAC-3 55 1498
rg10h 5-TTAAAGGGTGCTTGGTACAG-3

DL 75 A B PR T A AR R R A B A xof FE R ok
DNA WA T rolBrolC KIKFN H (LK ) PCR
PRgRs,  DARE AT H RS DA A B TR R R BH
R, AR SE R KA AR DNA by B M
PCR " #f [ N KM 25 uL RN AKR: 25 uL
10X Ex-PCR ZE#, 0.5 uL dNTPs, 0.5 uL 375
Y, 0.5 uL FF514, 1 uL DNA, 0.5 pL Ex-Tagase,
19.5 uL dd H,O. PCR N4 H: 94 CHALYE 3
min, 34 MY EEPEER (94 CAEME 50 s, 55 CiBk
50s, 72 ‘CHEAH 100 s), 72 ‘CHRLEAE(H 8 min. X
I 56 R 103t I B v e FEL KA W o
1.2.6  FFARERRM APl e B HPLC ¥4
IR AR A P A AR AR AT KA. KBk
IRV ol 0 s U7 o S P A e BE IR KRR AR
FHZAK VG F, FHOEARWL TR /K 43, FRER
TifE, 60 C, 48 h Htt & i, RILTE. ¥
R NI, D B A R, BB, TN 95%
CEEER (115), 50 CHFTPILE 30 min, A#)
S, AHEBOK 12 000 r/min Z50 10 min, WLHL

3, 12 000 r/min 5250 10 min, WHL -3, %

R BRI AR 7 3 0 BT el T e 8
(Sigma A A, a4 99.9%) 10.0+ 5.0~ 10.0 mg,
1 mL RSS2, 0 345 3] 10 mg/mL K45
B+ 5 mg/mL KA Fr AT 10 mg/mL Brf R ) HEE o
WL, AE RN RS2, —20 CIRIEEH].

ok & . Cig & BE I AE ( Symmetry
Shield™ Cys, 250 mmX4.6 mm, 5 pum), WEIH
N - RR KR (25 750, Kl K 220 nm,
FER 30 °C, AR 1.0 mL/min, #EFEE 10 L,
PR BB A AT KA T Bl R o el i e B
AMETF 2 000,

3 TR 2 TR BRORT FR it Y 80 AR A R o Y R 5
10 pL, VENRSGEA AL, ds% & 4l o Wi f,
DA AL AU AL bR (V), KRB KFRB Al
By el A AR (XD, 3 RIRIH TR ] Y=
586 912.3 X;—1287.4, r1=0.999 93; ¥,=308 665.5
X,—1526.5, ,=0.999 94; Y;=136029.4 X;—1 553.2,
r3=0.999 96, VIS RITSFEN TIAs &
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1.2.7  {FAEMMRIERIRR M U IR KR A
P AR R BR A [ PR R R R SE D R R v, SR
Trizol 142 HL RNA Jf Je 5% il cDNA. K H SE I 22
JGE B PCR J7 593 B BE DR RE bR AN 2 S DRI R ok
gl0h FI orca3 LRI R EALA . WIFKEL gloh
Hl orca3 FER 741 53 0l B T 45 5 R 519 ferg10h,
rerglOh. ferorca3 I rcrorca3 (3R 2). HFRIEKIE

H 18S rRNA KER]. %OtE & PCR VA0 #4
JAENFIAEYE 94 °C. 15 min, 50 MEH (94 CAZPE
155, 55 ‘CiE-k 30s, 72 CLEM 30 s FERGMIHEE,
80 ‘C. 20 s JFHMIZE ). XF PCR P HiEAT At ith
atr, P HFZERRIEFELL 18S rRNA 2P
FAR AT, FF SR SR AR AR AR IR AR XS

F2 KEEEKRIKALEE PCRQNETANSIY
Table 2 Primers for RT-QPCR analysis on C. roseus plantlets

H A HE A 5149 S 5 -3 KA /C P4 B/ bp
ISSIRNA  fI8s  5-GTGACAATGGAACTGGAATGG-3 5 108
18 5-AGACGGAGGATAGCGTGAGG-3
orea3 forca3  5-ATGTCCGAAGAA ATCATTTCCG TCTC-3
rorca3  5-TT AATATCGTCT CTTCTTCCTTCCTCC-3 8 612
g10h fgloh  5-ATGGATTACCTTACCATAATATTAAC-3 55 .
rgl0h  5-TTAAAGGGTGCTTGGTACAG-3
2 HBRE55H T MARTIT R MR T 2F 5T, TR AN E 25 1)

21 FRALWIES
¥ 0G28 F1 OG30 BRI EER T FKEL&
Vit A1 759 MS+6-BA 2.0 mg/L+NAA 0.3 mg/L
w7 d oA, AMEARSSAE RISk I E N TR
RIGE (B 1-A). 30 d Ja NBIRIRG FH® B, &
Mffss, B s NS R E A (&
1-B), KEABRREHALIEFERAIX 96.7%.
22 AEFHINK
KRB AL 204 e dbd, 159R
2130d 5, @OTAHZRIHILZ AR /ME (K]
1-C), HAFFEN 78.6%. HRLERiFE20d Ja, &k

T T——

. AL 20 d REFR, HREEOZE TR b
2 2 em e AN E 2 (B 1-D).
23 AERBFES

DTS IAELE, s Rl Rt
(1/2 MS+NAA 0.3 mg/L) H, ¥3E15d, REk
BT MR AR B L S5y 32 (& 1-BD, 2
25, A AR KERAE
MR T5FF0TIE 100%.
24 BHEMBK

PSR P AR R AR IR B, FH ALK
AR FREEFRIE PRI, FHBONEAT 2878 /K IR

A-KAFTEHIEH BRI BRI KAFTE BRI A AT CAKFERBRIE AL EHH e U E KR D-2F by
2 cm FZFAR E-HHE R KARFEBRIANE ZF AR R SE SR AR /. PSR R K ARAE P/ AR RS

A-transgenic hairy roots of C. roseus B-induction of callus from transgenic hairy roots of C. roseus C-green apical points induced from callus

of transgenic hairy roots D-2 cm buds differented from bud points E-plant regeneration and adventious roots induced from transgenic hairy

roots of C. roseus F-transplantation of rengeneration plantlets of transgenic C. roseus

1 KELEBRRERBERERZH

Fig. 1 Plant regeneration from transgenic hairy roots of C. roseus and plantlets transplantation
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PR B o A AR T A Y G R T R A, T
MBI EKTCR R, Bk,  Solk iy
PEAT RO i P AR R R RS AR 3 2 (83.33%) (1]
1-F)o it B KL P A RAR I AE R, i
R EZEAHA . H—, R ECEEREIRAR,
MRE EEE AR B TE, BARKEYE, M
R R FEE s b e A W B L, AR
(20 T B L R B S, T T e S TR
WG HAR KB, e 4 S B R AR R B ) R,
AR R WIBCE TR, TATRARSE T T, BMER
SEAEERMAR R, H TS YEAS BRI b 25 W B
MR BRI, PRI TR R & W
HIHECSE RENMER IR, — FAw A
B 2] TRV R BRI, 3R Eh s IR
U BT A B LT 1)K B S AR
2.5 KELBLEKA PCR &N

TR MK AR SRR th T2 N R K AR A
BRI TR, Rk, KFEL AN %A
A AR T A (3L AT H LA . i T Ri BEREIG
T-DNA L3 rolB. rolC F:K, H.FHAE [ 5 38R b
A EREA BRI BFFEAE, UL AR SRR T
KHELBRRFAEMES rolB F1 rolC FEF 134
TH L. LA SDS /N S B KA AL T AR R AR I
K41 DNA J#ik, FIH rolB Fl rolC 3EF ) PCR
BS54, Beo I 423 bp F1 622 bp [EER
DNA FBt. 1 AR ALK EI AR 5 DNA i
By, WA AR B (B 2). HHBEER
orca3 1 g10h FEK ] PCR 5| W4 KL BARM
A K ER DNA, B9 36 H 5 T 45 R —301 612
bp F1 1498 bp 1455 H 17 BLo IX R AL KA
16 B IRAR P 2R A AR S DR AL 35 A B AR AR B 1)
rolB. rolC K. T-DNA [X[1] orca3 Fl gl0h FEA,
2.6 BHEEKM R PEYBEAENE

AR AR AL B R T 2R AR R P BE ATk K
PREFPIKBFLR R, B &R ER I E,
H G BREFERIE ) HPLC vEM e A s, 45 4%
FEDSIR: b A= 0ok B 5 A e DRIR JRURE (3 2 i 1 (1)
P s E iAo (& 3, 4). SRR, B
FE AR KA. AR BT g 2k
W T4 50 1.094 4.11. 0.007. 5.21 mg/g,
53 ) T AR L L D K AR AR A AR I B A= Wi 1 4.0,

M PCNC 1 2 3 4 5 6 7

M-Marker PC-AHMN TRER PP I NC-HE AR KL
1~7 43 AR R 1R 4 i DR P AR AR e bk R

M-Marker PC-positive control, the correspondant engineered
bacteria were used as templates NC-negative control, native C.
roseus which was not genetically transformed 1—7 represent

independent transgenic C. roseus regeneration plantlet lines

2 KERHEERERRBEERT rolB. rolC (A)-orca3
(B). g10h (C) EEHY PCR

Fig.2 PCR detection of rolB, rolC (A), orca3 (B), and g10h

(C) genes in regeneration plantlets from trangenic

hairy roots of C. rosues

2
ML’[;
0 5 10 15 20 25 30 35 40 45
B
1 2
0 5 10 15 20 25 30 35 40 45
t/ min
1. 2 73 AR KRB BT A K5 ik
1 and 2 represent the vincristine and vinblastine samples
3 RAEMRM (A) MKEEHS (B) HPLC &iEE

Fig.3 HPLC chromatograms of mixed reference

substances (A) and C. rosues sample (B)

5.8v 1.8 5.3 i CAERELRK AR ALRMIIR M 1 2 Pk
00 0274, 0710, 0.004. 0.988 mg/g). i,
R KRR R 0G30-3 MK, K& E
B, 20k 2.054.7.797 mg/g, 73 i HE XS IE (0.274
0.710 mg/g) &= 7 541 10 .

AR, AL SR R T orca3 FIK
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Fig. 4 Determination of alkaloids in regeneration plantlets

from transgenic hairy roots of C. rosues
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g10h FEDRHT RIS 3 4% 6 B 300 1) 00 F A FH 11 &5
R AR AT M ) A= B T RSN, AT
WL T YIRS
27 BEEHRENERERIE

K9 E f PCR AN KA E
FACRERE H R IE A TR, 25 58380 (18] 5D,
FEFLINRR R OG28 Al OG30 FHEAEAKH orca3 Al g10h
BRI 0 e W 3 v T AR R BRI b o 100 B DG il i
DR e i R i KA AR E ) B AR 2R

100
. @ orca3
= 071w
i
= 601
= 407
m
K 20
i

0 r T
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Fig. 5 Expression of target genes in transgenic

and non-transgenic C. roseus plantlets
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